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(57) ABSTRACT

The present disclosure 1s directed to methods for treating an
organic material, including the steps of transporting the
organic material nto a {first vessel; heating the organic
material 1n the first vessel and applying a negative pressure
to the organic material 1n the first vessel to a boiling point
of the organic material, wherein the heat and negative
pressure separates a portion of an ammonia from the organic
material; removing the portion of the ammomnia from the first
vessel; transporting the removed portion of the ammonia
from the first vessel to an acid solution 1n a second vessel;
and separating a portion of the ammonia from the acid
solution.
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FIG. 1B
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PRODUCTION OF AMMONIUM SULFATE
USING A VACUUM ABSORPTION PROCESS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of priority from
U.S. Provisional Application No. 62/320,693, filed Apr. 11,

2016, the entire contents of all of which are incorporated
herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
grants SU-83572301-0 and SU-83593°701-0 awarded by the
Environmental Protection Agency. The government has cer-
tain rights 1n the imvention.

BACKGROUND OF THE DISCLOSURE

Anaerobic digestion 1s increasingly applied to various
organic wastes to stabilize organic matter and recover
energy from biogas. Ammonia 1s often accumulated to a
level that inhibits methanogenesis (the last step of anaerobic
digestion), especially 1n anaerobic digestion of protein-rich
substrates such as dairy manure and food waste. Moreover,
disposal and treatment of digester effluent with high con-
centrations of ammonia presents an economic challenge and
environmental risks.

What 1s desired 1s a method and apparatus than can
recover ammonia from a source. Embodiments of the pres-
ent disclosure provide methods that address the above and
other 1ssues.

SUMMARY OF THE DISCLOSURE

The present disclosure 1s directed to methods for treating
an organic materal, including the steps of transporting the
organic material mnto a {first vessel; heating the organic
material 1n the first vessel and applying a negative pressure
to the organic material in the first vessel to a boiling point
of the organic material, wherein the heat and negative
pressure separates a portion ol an ammonia from the organic
material; removing the portion of the ammonia from the first
vessel; transporting the removed portion of the ammoma
from the first vessel to an acid solution 1n a second vessel;
and separating a portion of the ammoma from the acid
solution.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be better understood by ref-
erence to the following drawings of which:

FIG. 1A 1s an example of a flow diagram.

FIG. 1B 1s an example of a flow diagram.

FIG. 2A 1s a graphical representation of the boiling point
combination of vacuum pressure and temperature for vary-
ing materials.

FIG. 2B 1s a graphical representation of an amount of
ammonia over time as 1t relates to temperature.

FIG. 3 1s a graphical representation of three operating
conditions.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(Ll

In the discussion and claims herein, the term ‘“‘about”
indicates that the value listed may be somewhat altered, as
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2

long as the alteration does not result 1n nonconformance of
the process or structure to the illustrated embodiment. For
example, for some elements the term “about” can refer to a
variation of £0.1%, for other elements, the term “about” can
refer to a vanation of 1% or £10%, or any point therein.

The present disclosure 1s directed to the coupling of
vacuum thermal stripping and acid absorption for recovery
of ammonia from, for example, digestate. The present dis-
closure can also be used to remove and/or recover ammonia

from many different liquid sources, such as, for example,
digester eflluent, livestock wastewater and manure, landfill
leachate, food waste recycling wastewater, food processing
wastewater, municipal wastewater operations and commer-
cial wastewater operations.

The disclosed process can be used alone or together with
anaerobic digestion. When the disclosed ammonia recovery
structure and process 1s used 1n conjunction with anaerobic
digestion, ammonia inhibition to methanogenesis 1s reduced
and the digesters can be loaded at higher rates of organic
teedstock. The disclosed process also can remove a portion
of the ammonia and recovers it as a commodity, ammonium
sulfate granules.

The disclosed vacuum thermal stripping—acid absorption
system mainly 1ncludes a stripping vessel and a gas absorp-
tion column. Aqueous ammomum 1s converted to Iree
ammonia at about pH 9 and vaporized from digestate 1n a
stripping vessel under given temperature and vacuum, e.g.,
about 65° C. and about 28 kPa.

Relatively eflicient thermal stripping of ammonia
includes heating the side-stream of digestate to boiling.
Upon thermal stripping of ammonia, the heated side-stream
can be returned to the digesters for heat recycling. Based on
energy balance, digestate can be recirculated for ammonia
recovery at about 70° C. at a flow rate of approximately 52%
of the volumetric loading rate to mesophilic digesters. A
vacuum can be introduced to a stripping vessel to decrease
the boiling point temperature so that more digestate can be
withdrawn for ammonia recovery while maintaining diges-
tate temperature. The stripped ammonia 1s diverted by a
vacuum pump to a gas absorption column which contains a
sulfuric acid solution.

Ammonia reacts with sulfuric acid to form ammonium
sulfate. As the sulfuric acid solution becomes saturated with
ammonium sulfate, ammonium sulfate granules are formed
as more ammonia 1s absorbed to the acid solution. The
ammonium sulfate granules can be collected by draining the
solution with a sieve and air-dried.

The stripping vessel can also include a demister on a
kettle reboiler to increase water retlux. This demister avoids
the granules of ammomum sulfate from being affected by
water vapor 1n the stripping vessel condensing in the acid
solution.

Upon formation of the ammonium sulfate granules, wash-
ing with acetone, methanol and/or ethanol can increase
purity, and adding cool or cold ethanol, can enhance granu-
lation.

The disclosed process can produce relatively high purity,
higher than about 98% ammonium sulfate granules.

One example of the present system and method 1s shown
in FIG. 1A.

In FIG. 1A, a digester feed 1 enters an anaerobic digester
2, where 1t exits as digester effluent 3 and biogas 6. A portion
of digester effluent 3 enters stripper 4, which also can
receive a dose of NaOH 9. Stripper 4 can be temperature
controlled by temperature controller 11. A portion of the
material 1n stripper 4 1s recycled back into digester feed 1
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through a recirculation line 5, which also recycles the heat
in stripper 4. Ammonia 10 exits stripper 4 and enters

absorption column 12.

Absorption column 12 has two outputs, (NH,),SO, crys-
tals 13 and spent acid solution 135 that recycles back mto 3
absorption column 12 with the addition of sulturic acid 16.
A vacuum pump 14 draws a vacuum 1n absorption column
12. The vacuum pump 14 1s also in fluid communication
with anaerobic digester 2, such that the pressure in anaerobic
digester can be modified.

Referring again to biogas 6, biogas 6 enters a generator 7
that produces heat and power as an energy credit 8. Gen-
erator 7 can produce heat and/or energy to temperature
controller 11. In this system, biogas production via anaero-
bic digestion can be enhanced by thermal treatment during 15
thermal stripping. Also 1n this system, thermal treatment of
digestate may enhance hydrolysis, thus increasing methane
and ammonia production of anaerobic digestion when the
ammomnia-recovered side-stream 1s returned to digesters.
Moreover, the thermal treatment may improve dewaterabil-
ity of digester eflluent.

The above system can be operated in batch modes or
continuously.

Another example of the present system and method 1s

shown 1n FIG. 1B.

10

20

Temperature ° C.

4

to trap water droplets and condense water vapor into liquid
water. For example, demister 17 can be a pipe that 1s packed
with a metal and/or plastic mesh and can have a diameter of
about 18% of the stripper 4 diameter (or cross-sectional
distance 1f not cylindrical). In other embodiments, the
demister 17 can be about 5%, about 10%, about 15%, about
20%, about 25%, about 30%, about 35%, about 40% or more
of the diameter (or cross-sectional distance 1f not cylindri-
cal) of the stripper 4. Both the stripper 4 and the demister 17
can be appropnately scaled, up or down, depending on tlow
requirements.

The above system can be operated in batch modes or
continuously.

The methods, apparatus and compositions of the present
disclosure will be better understood by reference to the
tollowing Examples, which are provided as exemplary of
the disclosure and not by way of limitation.

Example 1

One Example of a method 1s discussed below.

Boiling points were found at 7 combinations of tempera-
ture and vacuum pressure for dairy manure digestate as
shown below 1n Table 1, which also includes ammonia mass

transier kinetic constants and removal efliciency:

TABLE 1

Boiling conditions

50 58 65 70 80 90 100
Vacuum pressure, kPa
16.6 20.0 25.1 33.6 54.0 74.2 101.3
K;, mm/h*
21.0 £ 5.0 21.8 £ 3.8 373 £88 31.1 74 339 £11.2 33.8 £5.7 313 £5.3
C., mg N/L“
24 = 26 24 + 34 0£0 37 13 £ 26 1 £2 1 £1
Total ammonia remaining at 1.5 h, %”?
21.3 20.4 4.2 7.6 9.5 7.2 9.2
Total ammonia remaining at 3 h, %”
6.7 5.9 0.1 1.0 3.1 0.1 0.1

“Mean =+ standard deviation (n = 5).

‘bﬂverage percentage (n = 3) of ammonia remaining after a given time of vacuum thermal stripping (excluding 1 h of

temperature ramping).

The components having the same reference numbers in

FIG. 1B are the same as those in FIG. 1A. One of the 5
differences between the embodiment of FIG. 1A and that of

FIG. 1B 1s that the system of FIG. 1B does not include an

anaerobic digester, and that an ammonia-rich water 18 1s
introduced directly to the stripper 4. Exiting stripper 4 1s
both an ammonia stream 10 and a stream that undergoes a
temperature sensitive treatment, e.g., ammonia removal
through simultanecous aerobic ammonia oxidation and
anaerobic ammonia oxidation which are favored at about
30° C. to about 40° C.

Prior to exiting the stripper 4, the resultant ammoma
stream 10 passes through a demister 17. FIG. 1A can also
include a demister 1n the same location as that of FIG. 1B,
although one i1s not 1illustrated.

Demister 17 retains up to about 97%, or greater, of water
within the vessel of stripper 4, such that water does not enter
absorption column 12. The demister can be any suitable
column shape and can include any suitable material that acts

55

60

65

In Table 1 above, the 1.5 hour and 3 hour times refer to
times the liquid was within the stripper 4.

The 1nitial ammonia concentration for each temperature/

pressure combination was diflerent, as follows from the left
(first combination of 50° C./16.6 kPA) to right (last combi-

nation of 100° C./101.3 kPa), 1478 mg N/L, 1400 mg N/L,

1774 mg N/L, 1478 mg N/L, 1407 mg N/L, 1698 mg N/L,
and 1788 mg N/L, respectively.

Vacuum thermal stripping of dairy manure digestate at all
boiling points, each temperature and vacuum pressure of
Table 1, was eflective.

Boiling points for water, pH9 water, sludge digestate and
toodwaste digestate were also determined and are 1llustrated
in FIG. 2A. FIG. 2A shows similar results for these varying
materials as compared to dairy manure digestate. The three
types of digestate of FIG. 2A had total solids concentrations
of 23.4-50.1 g/L.. The boiling points were fitted (regression
R*=0.996; p<0.001) with a modified Antoine equation as
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follows: Ln (P)=113.245/T+4.268 Ln (T)-16.173; where

P=absolute pressure of vacuum, kPa and T 1s digestate
temperature, © C.

Further regarding the dairy manure digestate of FIG. 2A
and Table 1, after approximately one hour of heating, feed
temperature was increased to the set point (for example, 65°
C.). Upon completion of vacuum thermal stripping with
anaerobically digested dairy manure i about 3-4 hours,
ammonia concentration could be reduced to less than about
11 mg N/L and about 8.2 kg ammonium sulfate could be
produced per cubic meter of digestate, as shown in FIG. 2B.

The cycle length to operate vacuum thermal stripping by
a batch mode can be adjusted based upon the feed and
effluent ammonia concentrations and the dimensions of a
vacuum stripper. Moreover, the increase 1n temperature time
could be shortened.

As one example, dairy manure in a volumetric rate of
109.62 m”/d can be anaerobically digested at 37° C. Digester
eflluent can be drawn at about 0.61 time the volumetric rate
for ammonia recovery and returned to the digesters after
ammonia recovery. Total ammonia concentration of digester
cilluent can decrease from about 1500 mg/L to about 971
mg/L. due to ammonia recovery.

Each batch of vacuum thermal stripping can last for about
2.6 hours to reduce total ammonia concentration to about
100 mg N/L. Consequently, about 4.1 kg ammonium sulfate
can be produced with one cubic meter of digestate.

As another example, municipal organic waste 1 a volu-
metric rate of about 288 m?/d can be anaerobically digested
at 38.5° C. When about 50% or about 25% of the digester
cilluent 1s withdrawn for ammonia recovery and combined
post-recovery with the remaining about 50% or about 70%
of digester effluent, then digestate temperature 1s raised to
about 52° C. or about 45° C. for downstream solid-liquid
separation and biological treatment of the separated liquid.

The concentration of total ammonia to the downstream
sequencing batch reactors can decrease from about 3700
mg/L. to about 1942 or about 2821 mg/LL due to ammonia
recovery. Each batch of vacuum thermal stripping can last
for about 1.6 hours to reduce total ammonia concentration to
about 185 mg N/L. Consequently, about 16.6 kg ammonium
sulfate can be produced with one cubic meter of digestate.

Example 2

A dairy farm 1n central New York State, USA, with 1,100
milking cows was the source of a raw material 1n this
example. In this example a secreted manure and used
bedding were scraped off the barns’ concrete tloors, mixed
with milking washwater, and treated in two plug-flow
anaerobic digesters at mesophilic temperatures (about 37° C.
on average). When the ammonia recovery process 1s applied
to an anaerobic digester recirculation line, the need to heat
the digesters 1s eliminated or reduced.

A combined heat and power system used the biogas to
heat the liquid manure fed to the anaerobic digesters. The
digesters were operated 1n parallel and have a total liqud
manure loading rate of 110,000 L/d. Digester effluent passed
through a screw press separator. The separated solids were
composted, and used for bedding or sold.

The separated liquid can be stored and used to irrigate
cropland.

Example 3

Three options are discussed for ammoma recovery by the
thermal stripping—acid absorption process, using the two
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digesters, as shown 1 FIG. 3. In FIG. 3, options for
integrating thermal stripping—acid absorption into anaero-

bic digestion of liquid dairy manure are shown. In FIG. 3,
Q=manure loading rate to two digesters=110,000 L/d;
g=recirculation rate.

As shown 1n FIG. 3, Option 1 1s the baseline condition
without ammonia recovery. The conceptual design sets the
digester feedstock temperature at 20° C. and the total
ammonia concentration at 640 mg-N/L, based on the mea-
sured ammonia concentration i manure liquor and the
manure solids content. The digested dairy manure has an
average total ammonia concentration of 1,500 mg-N/L.

As shown i FIG. 3, Option 2 1s to draw ofl digester
cilluent at 28% of the digester loading rate, heat it to 101°
C. for ammonia recovery, and return the ammonia-recovered
digestate to the anaerobic digesters for heat recycling. Based
on water budget and heat balance analysis, recovering
ammonia at this recirculation rate eliminates the need to heat
the mesophilic digesters and avoids over-heating the meso-
philic digesters. It 1s estimated that the specific heat 1s 4.014
kl/’kg/® C. for digested dairy manure with a total solids
concentration of 6.1%, and 3.843 kl/kg/® C. for raw dairy
manure with a total solids concentration of 11.3%.

As shown 1n FIG. 3, Option 3 1s similar to Option 2, but
the recirculation rate 1s 14% of the digester loading rate and
additional digester heating 1s needed. The resulting digester
cellluent concentration and amount of ammomum sulfate
produced are estimated using mass balance analysis, as in
FIG. 1.

Therefore, as can be seen 1in FIG. 3, the disclosed thermal
stripping-acid absorption process 1s ellective at removing
nitrogen from the effluent stream. Further, because of the
shorter hydraulic retention time in the digesters and the
enhanced hydrolysis of organic matter due to treatment
during thermal stripping under options 2 and 3, relative to
Option 1, it 1s conservatively assumed that the ammonifi-
cation rate under options 2 and 3 will be the same as that
achieved presently—i.e., Option 1.

Example 4

The absorption column 12, discussed above has an output
of (NH,),S0O, crystals 13 and includes an mnput of sulfuric
acid 16. This example details the output amount and purity
of the (NH,),SO, crystals 13 based on various feed streams.

Ammonium sulfate solubility in water 1s high and
increases with temperature, for example, 75.13 g/100 g H,O
at 20° C. and 80.83 g/100 g H,O at 40° C. Recovering
(NH,),SO, 1 crystals has several benefits relative to a
solution. Solid form of (NH,),SO, has orthorhombic crys-
talline structure with a density of about 1.769 g/mlL at 20°
C., which can be settled and be collected. The content of
(NH,),SO, 1n the solid products varied with the methods to
harvest a product from the ammonia-absorbed acid solution,
the saturation conditions, and final H,SO, content.

When H,SO, content remaining 1n the acid solutions after
vacuum thermal stripping of dairy manure digestate and

low-ammonia foodwaste digestate was high (7.1-15.4%
w/w), H,S0, accounted for 30.5-50.1% of the solid products

and (NH,),SO, content was relatively low (52.4-82.3%).
When acid solution was saturated with (NH,),SO, and final
H,SO, concentration was low (2.4% w/w) 1n the stripping of
the landfill leachate, (NH,),SO, formed in white hygro-
scopic long crystals with high purity.

When stripping the high-ammonia foodwaste digestate,
H,SO, was depleted and white hygroscopic powdery crys-
tals were harvested with high purity. When stripping the
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municipal sludge digestate and using an acid solution satu-
rated with (NH,),SO,, the final H,SO, concentration was
still high (10.1% w/w) and the solid product had moderate
(NH,),SO, content. To produce a solid product with high
(NH,),SO, content, therefore, it 1s desirable to maintain
H,SO, concentration at 2-4% (w/w) 1n the acid solution.
When CO, 1n air entered an acid solution through the
vacuum pump 14, NH, HCO, and (NH,),CO,.H,O could
form, especially when sulfuric acid was largely consumed
and pH 1increased to above 7. Both NH,HCO, and (NH,),
CO;.H,O are white crystals. Because the equivalent weight
of (NH,),CO; 1s smaller than that of (NH,),SO_, the (NH,),
SO, contents of the harvested solid products estimated with
the following equation: C , =100*A*66/W, wherein C . 1s
the content of (NH_,),SO, 1n recovered production %, W 1s
the weight of solid product dissolved 1n 1 L of deionized
water 1n mg, A 1s the least of the normal concentrations of
ammonium and sulfate in the product solution 1 meq/L,
with 66 being the equivalent weight of (NH,).SO,; were
sometimes greater than 100% as seen 1n Table 2 below.

TABLE 2

Quality of solid products recovered by vacuum
thermal stripping-acid absorption in the pilot system.

(NH,4),S0,

Method to (NH,),SO,  Initial Final initially
Feed harvest content, H,SO,, H->S80,%  added
source crystals % (w/iw) % (w/w) % (w/w) to acid
Dairy Air-dried 52.4-64.5 9.4 7.1 None
manure Oven-dried 63.0-69.4 9.4 7.1 None
digestate  Ethanol-induced  80.2-82.3 9.4 7.1 None
High- Vacuum-dried 100.0-102.3 18.0 0 None
ammonia Air-dried 102.2-103.9 18.0 0 None
foodwaste Oven-dried 103.7-103.8 18.0 0 None
digestate = Ethanol-induced 94.7-99.2 18.0 0 None
Low- Ethanol-induced 63.9-70.0 18.0 15.4 None
ammonia
foodwaste
digestate
Municpal Air-dried 87.4-92.7 11.6 10.1 Saturated
sludge
disgestate
Retenate Direct 94.3-106.8 15.9 2.4 Saturated
of landfill cystallization
leachate Oven-dried 90.3-92.3 9.4 0.8 None

“Estimated stoichiometrically with the mass of ammonia stripped out of feed.

The shightly lower (NH,),SO, contents in the air-dried
products than those of oven-dried products could be attrib-
uted to the inadequate dryness by air-drying, especially
when sulfuric acid concentration 1n an acid solution was still
high. Moreover, (NH,),S0O, may react with H,SO, to form
ammonium bisulfate, (NH,) HSO,,, which has a solubility of
115.1 g/ at 20° C. The (NH,),SO, content could be
underestimated by the above equation for the crystals recov-
ered from stripping of the low-ammoma foodwaste digestate
when H,SO, concentration in the final acid solution was still
high that the product of H,SO, and (NH,),SO, concentra-
tions was greater than the solubility product of (NH, ) HSO,,.

Further, no organic compounds were detected in the
recovered solid products. This further confirms that the
recovered crystals are of a hugh quality.

The described embodiments and examples of the present
disclosure are intended to be illustrative rather than restric-
tive, and are not intended to represent every embodiment or
example of the present disclosure. While the fundamental
novel features of the disclosure as applied to various specific
embodiments thereof have been shown, described and
pointed out, it will also be understood that various omis-
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s1ons, substitutions and changes in the form and details of
the devices illustrated and 1n their operation, may be made
by those skilled in the art without departing from the spirt
of the disclosure. For example, 1t 1s expressly intended that
all combinations of those elements and/or method steps
which perform substantially the same function in substan-
tially the same way to achieve the same results are within the
scope of the disclosure. Moreover, it should be recognized
that structures and/or elements and/or method steps shown
and/or described in connection with any disclosed form or
embodiment of the disclosure may be incorporated in any
other disclosed or described or suggested form or embodi-
ment as a general matter of design choice. Further, various
modifications and variations can be made without departing
from the spirit or scope of the disclosure as set forth in the
following claims both literally and in equivalents recognized
in law.

The mvention claimed 1s:
1. A method of treating an organic material, the method
comprising;
transporting the organic material into a first vessel;
heating the organic material 1n the first vessel and apply-
ing a negative pressure to the organic material in the
first vessel to a boiling point of the organic matenal,
wherein the heat and negative pressure separates a
portion of an ammonia from the organic materal;

removing the portion of the ammonia from the first vessel;

transporting the removed portion of the ammonia from the
first vessel, through a demaister, to an acid solution 1n a
second vessel; and

separating a portion of the ammomnia from the acid solu-

tion.

2. The method of claim 1, wherein the portion of the
ammonia separated from the acid solution 1s (NH,),SO,.

3. The method of claim 2, wherein the (NH,, ),SO,, 1s 1n the
form of a (NH,),SO, crystal.

4. The method of claim 3, wherein the (NH,,),SO,, crystal
1s ol a purity of between about 94.3% and about 106.8%.

5. The method of claim 1, wherein the acid solution 1n the
second vessel comprises H,SO,,.

6. The method of claim 5, wherein the concentration of
H,SO, 1s between about 2% and about 4% (w/w).

7. The method of claam 1, wherein a diameter of the
demister 1s about 3% to about 40% of the diameter of the
first vessel.

8. The method of claam 1, wherein a diameter of the
demister 1s about 18% of the diameter of the first vessel.

9. The method of claim 1, further comprising a step of
removing a waste stream from the second vessel.

10. The method of claim 9, wherein an ammonia concen-
tration 1n the waste stream 1s between about 4.2% and about
21.3% of an ammonia concentration of the organic material
in the first vessel after about 1.5 hours of treatment.

11. The method of claim 9, wherein an ammonia concen-
tration 1n the waste stream 1s between about 0.1% and about
6.7% of an ammonia concentration of the organic material 1n
the first vessel after about 3 hours of treatment.

12. A method of treating an organic material, the method
comprising;

transporting the organic material into a first vessel;

heating the organic material 1n the first vessel and apply-

ing a negative pressure to the organic maternial in the
first vessel to a boiling point of the organic matenal,
wherein the heat and negative pressure separates a
portion of an ammonia from the organic material;
removing the portion of the ammonia from the first vessel;
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transporting the removed portion of the ammonia from the
first vessel to an acid solution 1n a second vessel;

separating a portion of the ammonia from the acid solu-
tion;
removing a waste stream from the second vessel.

13. The method of claim 12, wherein the portion of the
ammonia separated from the acid solution 1s (NH,),SO,.

14. The method of claim 13, wherein the (NH,),SO, 1s 1n
the form of a (NH,),SO,, crystal.

15. The method of claim 14, wherein the (NH,),SO,
crystal 1s of a purity of between about 94.3% and about
106.8%.

16. The method of claim 12, wherein the acid solution 1n
the second vessel comprises H2S0O4.

17. The method of claim 16, wherein the concentration of
NH,SO, 1s between about 2% and about 4% (w/w).
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18. The method of claim 12, further comprising a step of
passing the removed portion of the ammoma from the first
vessel through a demister before the portion 1s transported to
the second vessel.

19. The method of claim 18, wherein a diameter of the
demuister 1s about 5% to about 40% of the diameter of the
first vessel.

20. The method of claim 18, wherein a diameter of the
demister 1s about 18% of the diameter of the first vessel.

21. The method of claim 12, wherein an ammonia con-
centration in the waste stream 1s between about 4.2% and
about 21.3% of an ammonia concentration of the organic
material 1n the first vessel after about 1.5 hours of treatment.

22. The method of claim 12, wherein an ammonia con-
centration 1n the waste stream 1s between about 0.1% and
about 6.7% ol an ammonia concentration of the organic
material 1n the first vessel after about 3 hours of treatment.

% o *H % x
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